Pendrin is upregulated in bronchial epithelial cells following IL-4 stimulation via binding of STAT6 to an N 4 GAS motif. Basal CpG methylation of the pendrin promoter is cell-specific. We studied if a correlation exists between IL-4 sensitivity and the CpG methylation status of the pendrin promoter in human bronchial epithelial cell models. Methods: Real-time PCR and pyrosequencing were used to respectively quantify pendrin mRNA levels and methylation of pendrin promoter, with and without IL-4 stimulation, in healthy and diseased primary HBE cells, as well as NCI-H292 cells. Results: Increases in pendrin mRNA after IL-4 stimulation was more robust in NCI-H292 cells than in primary cells. The amount of gDNA methylated varied greatly between the cell types. In particular, CpG site 90 located near the N 4 GAS motif was highly methylated in the primary cells. An additional CpG site (90bis), created by a SNP, was found only in the primary cells. IL-4 stimulation resulted in dramatic demethylation of CpG sites 90 and 90bis in the primary cells. Conclusions: IL-4 induces demethylation of specific CpG sites within the pendrin promoter. These epigenetic alterations are cell type specific, and may in part dictate pendrin mRNA transcription.
Interleukin-4 Induces CpG Site-Specific

Demethylation of the Pendrin Promoter in Primary Human Bronchial Epithelial Cells
Introduction
Pendrin is an anion transporter exchanging chloride for iodide [1] or bicarbonate [2, 3] . The pendrin gene (SLC26A4) was identified for the first time in 1997 [4] by Everett et al. and was found to be mutated in patients with Pendred syndrome, an autosomal recessive disorder characterized by sensorineural deafness and a partial defect in iodide organification [5] . In the past decades, the role of pendrin has been well characterized in the thyroid gland [3] , inner ear [6] and kidney [7, 8] . In these tissues, it is involved in iodide flux into the thyrocyte follicular lumen, maintenance of the pH, ion composition and volume of the endolymph, and moreover body acid-base equilibrium, fluid homeostasis and blood pressure regulation.
Pendrin is also expressed, although at a minor level relative to the aforementioned tissues, in the placenta [9] , lactating mammalian glands [10] , testis [11] , prostate [11] , endometrium [12] , platelets [13] , and lung [14] .
Although basal expression of pendrin in the lung bronchial epithelium is relatively low, it is upregulated in respiratory diseases, especially asthma and chronic obstructive pulmonary disease (COPD) [14] [15] [16] [17] [18] [19] . In these disorders, pendrin is involved in inflammation and tissue remodelling by inducing the expression of a major mucus protein (MUC5AC) and regulating mucus secretion [16] , as well as driving water reabsorption through chloride uptake to reduce the airway surface liquid (ASL) thickness [15] . Pendrin may also increase the anti-microbial action in this tissue by exchanging chloride with thiocyanate that, after being converted into hypothiocyanate in the ASL, elicits bactericidal and bacteriostatic activity [20] . It has been demonstrated in vitro that stimulation with interleukin-4 (IL-4) and IL-13 -two cytokines released during respiratory distresses [21] -results in increased pendrin mRNA transcription [20, 22] . One of the main downstream effectors activated by IL-4 and IL-13 is the signal transducer and activator of transcription, STAT6. Activation of this transcription factor by phosphorylation has been shown to be directly responsible for increased pendrin mRNA expression stimulated by IL-4 through interaction with a functional N 4 GAS motif present in the pendrin promoter [21, 23] .
A CpG island and shore, containing 91 individual CpG sites, is present within the 1850 nucleotides between the functional N 4 GAS motif and the transcription start site of the pendrin gene [24] . In the genomic sequence, cytosines followed by a guanine (CpG) are sites for DNA methylation, an epigenetic mechanism specifically referring to the transfer of a methyl group onto carbon atom 5 of cytosine. This covalent DNA modification mainly represses gene transcription through methyl-CpG-binding proteins that bind to methylated DNA in a non-sequence-specific manner [25] [26] [27] [28] . Transcriptional repression is then achieved by interference with transcription factor binding and through association with histone deacetylases leading to chromatin remodelling [26, 29, 30] .
We previously reported the existence of cell-specific methylation patterns for the pendrin promoter in the lung cancer cell line NCI-H292, derived from a lymph node metastasis of a pulmonary mucoepidermoid carcinoma, and the kidney cell line HEK-Blue, constitutively over-expressing STAT6 [24] . These results were particularly interesting for CpG sites 91 and 90, located 2 and 81 nucleotides downstream of the N 4 GAS motif, respectively. As we have shown in that study, HEK-Blue cell genomic DNA (gDNA) was ~60% more methylated at CpG site 91 and ~70% more methylated at CpG site 90 compared to NCI-H292 gDNA [24] . In line with the general idea that hypermethylation hinders transcription, the greatest increase in pendrin mRNA expression after IL-4 treatment was observed in NCI-H292 cells.
These findings elicited the hypothesis that sensitivity to IL-4 may be dictated by the methylation status of the pendrin promoter, and highlighted CpG sites 91 and 90 as possible regulators of this interplay. The principal aim of this study was to evaluate the methylation status of the pendrin promoter in several bronchial cellular models and determine whether CpG methylation correlates with pendrin mRNA expression levels before and/or after treatment with IL-4. The cellular models used were NCI-H292 cells and primary human bronchial epithelial cells from a healthy subject (NHBE), and an asthmatic (DHBE-asthma) and COPD (DHBE-COPD) patient.
Materials and Methods
Materials
Human recombinant IL-4 was provided by InvivoGen (California, United States) and added to the cell culture media at a final concentration of 40ng/mL. NCI-H292 cells were obtained from ATCC (Virginia, United States). Primary cells (NHBE, DHBE-Asthma and DHBE-COPD) were obtained from Lonza (Basel, Switzerland). More detailed information about the individuals from which the primary cells were derived is listed in Table 1 . All PCR and sequencing primers were obtained from Microsynth (Switzerland). Cell culture All cells were maintained at 37°C in a humidified incubator gassed with 5% CO 2 . NCI-H292 culture media consisted of RPMI-1640 base media (SIGMA, Missouri, United States) supplemented with 10% v/v fetal bovine serum, 24.9mM D-glucose, 17.8mM sodium bicarbonate, 10mM HEPES, 1mM sodium pyruvate, 100U/mL penicillin and 100µg/mL streptomycin. NHBE and DHBE primary cell culture media consisted of bronchial epithelial cell basal medium supplemented with 0.1% hydrocortisone, human epidermal growth factor, epinephrine, transferrin, insulin, retinoic acid, triiodothyronine, gentamicin/amphotericin (GA) -1000 and 0.4% bovine pituitary extract (all from Lonza). Primary cells were subcultured at the recommended density of 10000 cell / cm 2 while NCI-H292 cells were subcultured at a 1:10 dilution. Primary cells used for experiments ranged between 2 and 5 passages.
gDNA and RNA extraction Cells were washed with 10mL 1X phosphate buffer saline solution (PBS) and lysed in 600µL RLT Plus Buffer (QIAGEN, Hilden, Germany), freshly supplemented with β-mercaptoethanol to a final concentration of 140mM. Lysates were homogenized with QIAshredder columns (QIAGEN). gDNA and total RNA were then extracted and purified with the QIAcube (QIAGEN) using the AllPrepDNA, RNA, miRNA Universal kit (QIAGEN) according to the manufacturer's instructions. gDNA and total RNA were eluted in a final volume of 30µL nuclease-free water and quantified by spectrophotometry. RNA integrity was verified with the QIAxcel Advanced (QIAGEN) automated gel electrophoresis system (RNA screening cartridge, method CM-RNA).
Bisulfite pyrosequencing gDNA (500ng) was bisulfite converted using the Epitect Fast Bisulfite Conversion Kit (QIAGEN) according to the manufacturer's instructions. Incubation at 60°C was increased from 10 min to 20 min to ensure complete bisulfite conversion. The concentration of bisulfite-converted gDNA was calculated using the QIAxpert spectrophotometer with an algorithm for single-stranded (ss)DNA. PCR reactions were prepared using the PyroMark PCR kit (QIAGEN) to amplify 20ng of bisulfite-converted gDNA. 50µL PCR reactions consisted of 1X PyroMark PCR master mix, 1X CoralLoad, 0.2µM forward and reverse primer and 1.5mM, 1.75mM or 2mM Mg
2+
, depending on the PCR reaction (see Table 2 ). Cycling parameters were as follows: denaturation at 95°C for 15 min, followed by 50 cycles at 94°C for 30 sec, the appropriate annealing temperature (see Table 2 ) for 30 sec, and 72°C for 30 sec, followed by a final extension step at 72°C for 10 min. The presence of the expected amplicons was verified using the QIAxcel Advanced automated gel electrophoresis system (DNA screening cartridge, method AL420). PCR amplicons were purified using the MinElute PCR purification kit (QIAGEN) according to the manufacturer's instructions, with supplementation of 10µL 3M sodium acetate for pH adjustment. Pyrosequencing reactions were performed on the PyroMark Q24 Instrument (QIAGEN) with ~600ng purified PCR amplicon. The resulting pyrograms were analysed using the PyroMark Analysis Software with default settings. QIAGEN pyrosequencing assay design software (version 2.0) was used to design the PCR and sequencing primers reported in Table 2 . The reverse PCR primers were biotinylated at the 5' end and purified by HPLC.
Amplification and Sanger sequencing of the pendrin promoter PCR reactions (50µL) were prepared using JumpStart REDAccuTaq LA polymerase (SIGMA) and consisted of 1X AccuTaq LA Buffer, 0.5mM dNTPs, 5% DMSO and 0.4µM forward (5' AAAGGAGACACAGTGCTTGCCCTC 3') and reverse (5' GAAGGGTAAGCAACCATCTGTCAC 3') primers. Cycling parameters were as follows: denaturation at 94°C for 2 min, followed by 35 cycles at 94°C for 20 sec, 59.6°C for 30 sec, and 68°C for 5.5 min. The presence of the expected amplicon (4447bps) was verified on a 0.5% agarose gel. The PCR product was purified using the QIAquick PCR purification kit (QIAGEN) according to the manufacturer's instructions, with supplementation of 55µL 3M sodium acetate for pH adjustment. The entire amplicon was Sanger sequenced (Microsynth) in the forward and reverse orientations with 6 sequencing primers: 3 forward (5' TTGAAGATCTGTTGAAAGC 3'; 5' ATAGAAACCTGGCCATTG 3'; 5' TTTCTGAGACGCCGAGAGC 3') and 3 reverse (5' ACTGGACTACATGGAAATC 3'; 5' GTTTTCCGAGCAGCCTGTTC 3'; 5'CTCCGCCGCCCGCACCCCACTCTCGCCCGCTG 3').
Reverse transcription and Real-Time PCR
The dynamic range of the reverse transcription reaction was previously determined in house using human kidney RNA (Thermo Fisher Scientific, Massachusetts, United States) and the QuantiTect Reverse Transcription (RT) kit (QIAGEN). Experimental samples were reverse transcribed with the same kit. 1µg RNA was incubated with 1X gDNA wipe-out buffer in a 84 µL reaction for 2 min at 42°C, followed by 2 min cooling on ice. 41.5µL of the incubated mix were then added to 18 µL +RT and -RT reactions. Both these reactions contained 1X Quantiscript RT buffer and 3µL RT primer mix. 3µL Quantiscript reverse transcriptase was added to the +RT mix and 3µL RNAse-free water to -RT mix. The resulting 60µL reactions were incubated for 30 min at 42°C, followed by 3 min at 95°C and cooling on ice. 10µL real-time PCR reactions were performed using hydrolysis probes in 384-well white plates on the LightCycler 480 II (Roche, Switzerland). Each reaction consisted of 1X Quantifast PCR mastermix (QIAGEN), 500nM/250nM β-ACTIN (ACTB) or SLC26A4 hydrolysis assays (Hs.PT.39a.22214847 and Hs.PT.58.27767752, respectively) (IDT, California, United States) and 4 µL 1:10 diluted cDNA or -RT reaction. Cycling parameters were as follows: an initial denaturation at 95°C for 10 min, followed by 40 cycles at 95°C for 10 sec, 60°C for 30 sec and 72°C for 1 sec. Relative gene expression values were determined using the comparative Ct method as described by Livak et al. [31] . No amplification was observed in the -RT reactions. The amplification efficiencies of the ACTB and SLC26A4 hydrolysis assays were experimentally determined with a 6-point log dilution curve using cDNA transcribed from 1µg human kidney RNA (Thermo Fisher Scientific) and human thyroid RNA (ClonTech, California, USA), respectively. The amplification efficiencies for both assays were between 95-100%.
Western Blotting
Whole cell protein lysates were obtained by scraping cells in 1X SDS solubilization buffer (SSB) containing 4% SDS and 10% glycerol in 0.5M Trizma base, pH 6.8. Just before use, 1X SSB was supplemented with Halt protease inhibitor cocktail (HPIC) (Thermo Fisher Scientific) and dithiothreitol to a final concentration of 1X and 1mM, respectively. Protein concentrations were determined with the DC protein assay (Bio-Rad, California, United States). Protein extracts (20μg) were separated by electrophoresis with constant voltage (120V) on 10% SDS-PAGE gels. Proteins were then transferred overnight at 4°C onto polyvinylidene fluoride (PVDF) membranes with constant amperage (0.25mA). The membranes were blocked for 1 h at room temperature with agitation in 5% nonfat dry milk diluted in wash buffer (0.01% Tween-20 in Tris-buffered saline, pH7.6). Afterwards, PVDF membranes were incubated overnight with primary antibodies diluted in wash buffer containing 5% nonfat dry milk at 4°C with agitation. Three 5 min washes were then performed in wash buffer at room temperature with agitation, followed by 1 h incubation at room temperature with the secondary antibody diluted in wash buffer containing 5% nonfat dry milk. In the end, three additional 5 min incubations in wash buffer were performed. All incubation and wash steps with the secondary antibody were performed in the dark. Proteins were visualized using the ODYSSEY infrared imaging system (LICOR, Nebraska, United States). The rabbit polyclonal anti-phospho-STAT6 Y641 (#9361, dilution 1:2000) and anti-β-actin (#4967, dilution 1:2000) primary antibodies were from Cell Signaling (Massachusetts, United States). The anti-rabbit IRD-800-CW secondary antibody (#926-32211, dilution 1:20000) was from LICOR. Densitometric analyses on Western blots were performed using ImageJ (1.49v) software.
PCR amplification bias calculation and correction
Methylation values were corrected by means of the cubic polynomial equation generated from the methylation levels observed for 100%, 75%, 50%, 25% and 0% methylation standards as described by Moskalev et al. [32] . PCR amplification bias (b) was assessed for 75%, 50% and 25% methylation standards with the following equation: b= [y * (100-x)] / [x * (100-y)], where y is the observed methylation percentage, before or after correction, and x is the expected methylation percentage [32] .
Statistics
Statistical significance between two experimental groups was determined using the unpaired twotailed Student's t-test. For differences among three or more experimental groups, a one-way ANOVA followed by Tukey's post-hoc test was performed. Differences were considered statistically significant at P values < 0.01. Statistical analyses and graph generation were performed with GraphPad Prism 5.0 software (GraphPad, California, United States).
Results
Primary cells respond differently to IL-4 stimulation with respect to NCI-H292 cells
NCI-H292 cells are a continuous cell line used as an in vitro model for the bronchial epithelium. Nevertheless, primary cells derived from fresh human tissue are likely more representative of the physiological conditions. Therefore, we decided to directly compare NCI-H292 cells with primary HBE cells. The primary HBE cells used in the present study originated from three different human donors: (i) a healthy donor (NHBE cells), (ii) an asthmatic patient (DHBE-Asthma cells) and (iii) a COPD patient (DHBE-COPD cells) ( Table  1) .
As previously described by Lee et al. [24] , pendrin mRNA increases over time in NCI-H292 cells treated with IL-4. Accordingly, two hours after IL-4 (40 ng/ml) exposure, human pendrin mRNA expression in NCI-H292 cells increased significantly from 1.076 ± 0.106 (n=30) before IL-4 to 6.268 ± 0.816 after IL-4 (n=30) (Fig. 1A) . With prolonged IL-4 incubation, further increases in pendrin mRNA expression were observed (11.902 ± 1.404 at 4 hrs, 35.103 ± 1.097 at 24 hrs and 54.751 ± 3.219 at 48 hrs; all n=30).
Stimulating NHBE cells (from an individual not affected by asthma or COPD) also led to a significant increase in pendrin mRNA expression, but this increase was substantial only after 48 hrs (from 1.049 ± 0.059 before IL-4 to 3.598 ± 0.144 after IL-4; n=30) (Fig. 1B) and still modest compared to that elicited in the NCI-H292 cells at the same time point (3.598 ± .0789 in NHBE vs. 54.75 ± 17.04* in NCI-H292 cells after IL-4 for 48hrs, where *p<0.01 by Student's t-test; n=30 each). The 48hrs IL-4 incubation time was chosen for the remainder of the experiments.
It has been postulated that pendrin may negatively alter the function of the bronchial epithelium during respiratory distresses [22] . In addition, since IL-4 is naturally released during respiratory diseases, we wondered if the basal level of pendrin mRNA expression and/or the responsiveness to IL-4 in terms of the amount of pendrin mRNA produced differs in normal versus diseased bronchial epithelial cells. Therefore, we analysed the amount of pendrin mRNA in primary HBE cells from a healthy volunteer (NHBE), an asthmatic patient (DHBE-Asthma), and a COPD patient (DHBE-COPD).
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Cellular Physiology and Biochemistry
Pendrin mRNA expression in un-stimulated cells was low in all the cell types and did not differ statistically between them (data not shown). On the other hand, stimulation for 48 hrs with IL-4 resulted in a statistically significant increase in pendrin mRNA levels between primary HBE cells (Fig. 2) . The DHBE-Asthma cells responded to IL-4 with the greatest increase in pendrin mRNA, and the amount of pendrin mRNA produced did not statistically differ in the other two primary cells types.
The apparent differences in pendrin mRNA levels induced by IL-4 in the different cell types could be due to the amount of STAT6 that is activated following IL-4 exposure. We therefore analysed the expression of active (phosphorylated) STAT6 (STAT6-P) in each of the 
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amount of gDNA methylated at CpG site 90 was higher in the primary HBE cells with respect to NCI-H292 cells (58.9 ± 0.47 in NHBE vs. 43.3 ± 0.46 in DHBE-Asthma vs. 44.7 ± 0.75 in DHBE COPD vs. 32.0 ± 0.35* in NCI-H292 cells where *p<0.01 by a one-way ANOVA followed by Tukey's post-hoc test; n=9), and the total amount of gDNA methylated at CpG sites 86 and 85 was lower in the primary HBE cells compared to the NCI-H292 continuous cell line. Interestingly, the methylation pattern after IL-4 stimulation was significantly altered, especially in the primary HBE cells. In particular, IL-4 significantly reduced the amount of gDNA methylated at CpG site 90 by more than 30% only in the primary cell types. The same site in the NCI-H292 cells was also significantly demethylated, but nevertheless only by 6%.
IL-4 induces demethylation of a new CpG site generated in the pendrin promoter by a single nucleotide polymorphism
Genomic DNA is subject to sequence variations manifested as deletions, insertions or single nucleotide polymorphisms (SNPs). Depending on the nature of these SNPs, new CpG sites may be created or current CpG sites may be deleted. Indeed, several SNPs that could alter the number of CpG sites in the human pendrin promoter are known [24] . Since the four cellular models used in the present study were isolated from distinct individuals, we sequenced the pendrin promoter in each of them. Indeed, a new CpG site located between CpG sites 91 and 90 was generated by the SNP g.-1747A>C (rs2712228) only in the three primary HBE cellular models (Fig. 5A) . We named this CpG site 90bis, and it was found in homozygosity in the NHBE and DHBE-Asthma cells, and in heterozygosity in the DHBE-COPD cells. The allele frequency for this SNP in the NCBI dbSNP database is 51.9% in East Asians, 94.5% in Africans and 32.7% in Europeans.
In order to determine the methylation status of CpG site 90bis, a new pyrosequencing assay was designed (see Table 2 ), corrected for PCR amplification bias and used to analyse the same cell samples from which the data shown in Fig. 2 and 4 were generated. As shown in Fig. 5B , the amount of gDNA methylated at CpG site 90bis was similar between the NHBE and DHBE-COPD cells in the basal state, but the amount of gDNA methylated at this CpG site was significantly lower in the DHBE-Asthma cells (49.2 ± 1.15 in NHBE vs. 33.7 ± 0.91* in DHBE-Asthma vs. 48.8 ± 1.72 in DHBE-COPD where *p<0.01 by a one-way ANOVA followed by Tukey's post-hoc test; n=9). Intriguingly, treatment with IL-4 resulted in a significant reduction in the amount of gDNA methylated at this site in all three primary HBE models, similarly to that observed at CpG site 90.
Discussion
Pendrin expression is increased in pathological respiratory conditions, including but not limited to asthma and COPD, and contributes to inflammation and mucus production [14] [15] [16] [17] [18] [19] . This upregulation is induced by phosphorylated STAT6, a transcription factor activated by IL-4, which recognises and binds to a functional N 4 GAS motif present in the pendrin promoter [21, 23] . Several CpG sites, hotspots for DNA methylation, are located between the binding motif for STAT6 and the transcription start site of the pendrin gene. One aim of this study was to investigate if the methylation status of the human pendrin promoter is linked to the expression levels of pendrin mRNA before and/or after IL-4 exposure.
The current results showed a differential increase in pendrin mRNA between NCI-H292, NHBE, DHBE-Asthma and DHBE-COPD cells in response to IL-4. In particular, pendrin mRNA was dramatically increased in NCI-H292 cells while the increment was significantly less pronounced in primary HBE cells, among which, the highest increase was observed in DHBE-Asthma cells. It is clear that the differences in pendrin mRNA produced following IL-4 stimulation are not linked to basal pendrin expression levels, since pendrin mRNA expression in un-stimulated cells did not significantly differ between any of the cell types tested. Moreover, it is not related to variable activation of the IL-4 signalling pathway, as the amount of phosphorylated STAT6 following IL-4 exposure was equivalent in the cell types studied.
The basal methylation pattern observed in the different cellular models was generally similar with the particular exception of CpG site 90, which was significantly more methylated in primary HBE cells compared to NCI-H292 cells. Interestingly, we discovered that activation of the IL-4 signalling pathway modifies the epigenetic status of the pendrin promoter. Specifically, IL-4 orchestrates site-specific demethylation of CpG site 90, as well as CpG site 90bis (created by the g.-1747A>C (rs2712228) SNP only in primary HBE cells) located 81 nucleotides and 55 nucleotides downstream of the N 4 GAS motif, respectively. In line with our observations, IL-4 was recently shown to drive gene-specific demethylation during monocyte differentiation [33] .
The epigenetic state of certain CpG sites within the pendrin promoter may explain the differential increase in pendrin mRNA following stimulation with IL-4. There are several lines of evidence supporting cross-talk between transcription factor binding and methylation of CpG sites located within transcription factor consensus binding sequences or in close proximity to them [34, 35] . CpG site 91 is located only 2 nucleotides downstream of the functional N 4 GAS motif -a position that appears to be ideal for controlling the accessibility of transcription factors to this motif. Indeed, it has been already speculated that the methylation status of this CpG site might contribute to IL-4 stimulated changes in pendrin expression [24] . However, the majority of gDNA in all the cell types used in the present study was not methylated at CpG site 91, suggesting that it does not likely account for the observed differences in pendrin mRNA expression levels following IL-4 treatment.
Rather, we highlight CpG sites 90bis and 90 as candidate regulators of pendrin mRNA expression. From the experiments described here, it is evident that at basal conditions the amount of gDNA methylated at CpG site 90 in primary HBE cells was higher compared to the NCI-H292 cells. Moreover, NCI-H292 gDNA does not contain CpG site 90bis and in these cells the increase in pendrin mRNA expression obtained after IL-4 exposure was significantly higher when compared to primary HBE cells. These findings suggest that the basal methylation state of site 90 (and/or site 90bis, if present) might be important for IL-4 induced increases in pendrin mRNA expression. Based on the assumption that low CpG methylation allows transcription, the collected data could indicate that the chromatin structure of NCI-H292 cells is in a permissive state for transcription factor binding in the N 4 GAS motif region because of the low basal methylation of CpG site 90. On the other hand, the chromatin in the primary HBE cells might be in a more closed conformation since most of the gDNA in these cells is methylated at CpG sites 90 and 90bis in the un-stimulated condition. Demethylation of these two CpG sites may be necessary to open the chromatin and allow the binding of STAT6 and/or additional transcription factors that might cooperate with STAT6 [36] to promote pendrin transcription. The demethylation process required in primary HBE cells could therefore delay transcription with respect to NCI-H292 cells, resulting in less production of pendrin mRNA after 48 hrs treatment with IL-4.
The same assumption is in line with the basal methylation state of CpG site 90bis and 90 and the magnitude of pendrin mRNA levels following IL-4 exposure among the primary HBE cells. The data showed that the increase in pendrin mRNA in response to IL-4 was significantly higher in DHBE-Asthma cells compared to the NHBE and DHBE-COPD cells, possibly because in basal conditions more of the gDNA from these latter cell types was methylated at CpG sites 90bis and 90 compared to the DHBE-Asthma cells.
It is interesting that the g.-1747A>C (rs2712228) SNP introducing CpG site 90bis in the primary HBE cell models is present in 94.5% of Africans and that asthma symptom rates are lower in Africa than in industrialized countries [37] . Whether this SNP might be protective against asthma in the African population requires further investigation.
In conclusion, we have demonstrated that the T H 2-type cytokine, IL-4, causes site-and cell-specific changes in CpG methylation of the human pendrin promoter. We propose that the amount of gDNA methylated at CpG sites 90 and 90bis (when present) may dictate how fast and to what extent the cell responds to IL-4 in terms of pendrin mRNA production.
